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Abstract
·Retinopathyofprematurity (ROP),aretinalvascular
diseaseofprematureinfants,continuestobeamajor
causeofpreventablechildhoodblindnessalloverthe
world.TheincidenceofROPvariesamongcountries,
beinginfluencedbythequalityofthelevelofneonatal
intensivecare.Here,wediscussthepotentialtreatments
thatarenowavailableorwillsoonorprobablybe
availableforROP.Althoughablationoftheavascular
retinawithlaserphotocoagulationremainsthecurrent
goldstandardandwellestablishedtherapyforROP,
some new therapeutic options including angiostatic
therapiesarebeingexploredbasedonourknowledgeof
thepathophysiologyoftheROPandcomplicationsand
efficacyoflasertreatment.However,preventionofthe
developmentofsevereROPandscreeningforROPseem
tobethebeststrategyinavoidingvisualimpairment
causedbyROPinprematureinfants.Newtherapeutic
interventionsincludingvascularendothelialgrowthfactor
antibodyadministration,genetherapyandsupplemental
therapiesshouldbesupportedwithevidence-baseddata
forthetreatmentofROP.
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INTRODUCTION
R
etinopathyofprematurity(ROP)isavasoproliferative
disorderoftheeyeaffectingprematureinfants.Itisa
leading causeofpossiblyavoidablechildhoodvisual
impairmentandblindnessinthedevelopinganddeveloped
worlddespitecurrenttreatmentstrategies [cryo,light
amplificationbystimulatedemissionofradiation (laser)or
vitreousandretinalsurgerytreatments].Incidenceandrisk
factorsofROPmaydifferaccordingtotheprogressin
perinatalcare,race, country, variouspopulationsand
screeningcriteria
[1-8].Itscontrolisgivenhighpriorityinthe
WorldHealthOrganization's"Vision2020Programme"
[9].
PotentialtherapeutictreatmentstrategiesforROPwith
vascularendothelialgrowthfactorantibodies(anti-VEGF),
aswellaspossiblepromisingfuturetherapiesarediscussed
inthisreview.
PATHOGENESIS
NormalRetinalVascularDevelopment Bloodvesselsthat
supplytheinnerportionoftheeyearecontinually
undergoingdevelopment.Initially,theinnerpartoftheeyeis
metabolicallysupportedbythechoroidhyaloidvasculature,
anarterialnetworkinthevitreous,andchoroid.Thechoroid
beginstodevelopataboutgestationalageof6weeksand
becomesalmostcompletelyorganizedbythe8
th week.
Retinaremainsavascularasthechoroidhyaloidvasculature
andtheunderlyingchoroidprovidethenutrientstothe
developingretinaduringthefirst4monthsofgestation.In
thelatterstagesofdevelopmentthehyaloidvasculatureis
replacedbytheretinalvasculaturesincethechoroidal
circulationalonecannotmeetalltheneedsoftheretina
[10,12].
Asthehyaloidvascularsystemregresses,retinalvascular
networkintheformofsuperficialanddeepercapillary
plexusesbeginstodevelopat16weeksofgestationfrom
mesenchymalspindlecellsandbloodvesselsprecursors,
emergingfromtheopticnerveheadgivingrisetotheretinal
vasculature
[10-14].Asmesenchymalspindlecellsleadto
endothelialproliferation,retinalvesselsgrowoutoftheoptic
discasawaveofmesenchymalspindlecellsandcapillary
formationfollows.Formationofthesuperficialcapillary
plexusoftheretinalvasculatureoccursontheretinalsurface
withintheganglioncelllayer.Retinalvesselsgrowingoutof
theopticdiscreachtheoraserratanasallyatapproximately
32
nd weekofgestationandtemporallyshortlyafterbirth.At
25
th weekofgestation,glialcellssuchasastrocytescover
muchoftheretina,atatimewhenthespindlecells
(astrocyteprecursorlineage)arevirtuallynonexistent
[14-16].
Duringretinalvasculardevelopment,astrocytesforma
templateforendothelialcellmigrationwithintheretina
ratherthanintothevitreousandmayalsoserveasan
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importantsourceofvascularendothelialgrowthfactor
(VEGF)
[17-21].Althoughcelltype-specificfunctionsofVEGF
isoformsindevelopmentandhomeostasisoftheretinal
vasculaturehavenotbeencompletelyidentified,hypoxia-
regulatedVEGFhasbeendemonstratedtoplayacriticalrole
inthisprocessaswellaspathologicalneovascularization
[21].
Recently,ithasbeenreportedthatastrocytesintheretina
havehighlydivergentrolesduring developmental,
physiologicalangiogenesisandischemia-driven,pathological
neovascularization,andastrocytehypoxicresponsehasbeen
reportedtobeessential forpathologicalbutnot
developmentalangiogenesisoftheretina
[22].Thedeeper
plexusoftheretinalvasculature(outerplexus)develops
independentlyofretinalastrocytesbysproutingfromthe
preexistingretinalvessels(thesuperficialcapillaryplexus)
[23].
Attheend,thebranchesfromthecentralretinalcirculation
formtwodistinctcapillaryplexuseswithintheganglioncell
layer(thesuperficialcapillaryplexus)andinnernuclear
layer(thedeepercapillaryplexus).Inaprematurelyborn
infant,theretinaisimmatureandincompletelyvascularized
dependingonthegestationalage.
Anumberofangiogenicfactorsincludinginsulin-likegrowth
factor-1(IGF-1)
[24],VEGF
[17-20],basicfibroblastgrowth
factor(FGF)
[25],transforminggrowthfactorbeta(TGF-β )
[26],plateletderivedgrowthfactor(PDGF)
[27],andhepatocyte
growthfactor
[28] havebeenshowntoplayvariousrolesin
retinalvasculardevelopment.VEGF,ahypoxia-inducible
vasoactivecytokine,isapotentmitogenforvascular
endothelialcells,necessaryforthephysiological
angiogenesis
[29,30].VEGFismainlysecretedinthematuring
avascularretina,andisregulatedbytissuehypoxia.The
VEGFgeneisresponsivetooxygentension;generally
hypoxiastimulatesVEGFtranscriptionandhyperoxia
decreasesVEGFtranscription
[17,30].Retinaldevelopment
createsincreasedmetabolicneedandalocalrelative
(physiological)hypoxiainadvanceofthedevelopingretinal
vessels.Oxygen-regulatedVEGFplaysapartinallstagesof
vasculardevelopmentandworksinconjunctionwithother
factors,suchasnon-oxygen-regulatedIGF-1
[31].VEGFis
secretedinresponsetophysiologicalhypoxiainthematuring
avascularretinabymesenchymalspindlecellsand
astrocytes
[17,19,29-32].
TwophasesofROPandVEGF ROPisabiphasic
disease;thefirstphaseisahyperoxicvesselobliterationand
thesecondisahypoxicneovascularizationphase
[19,32,33].
Neonatalhyperoxia,experiencedbyprematureinfantssoon
afterbirthandduringthefirstdaysofpostnatallife,causes
shut-downofsectionsoftheretinalvasculature,byapoptosis
andexcessivecapillaryregression,resultingininterruption
ofnormalvascularizationandlaterischemiaoftheretina
(phaseI;hyperoxia-vasocessation).ThisfirstphaseofROP
occursfrombirthtoapproximately30-31weeksofgestation.
AdministrationofsupplementalO 2inthisphasemayalso
aggravatehyperoxia,increasingthestagefor vaso-
obliterationofexistingvessels.Asthemetabolicdemandof
thedevelopingretinaincreases,theimmaturenonperfused
areaoftheretinabecomesmorehypoxicandmaystimulate
anoverproductionofVEGFpathologically,resultingin
abnormalneovascularizationoftheretina,knownasROP
(phaseII;hypoxia-vasoproliferation).Thisphasebegins
around31-32weeksofgestationalage.So,regulationof
VEGFappearstoplayakeyroleinnormalangiogenesis
duringembryogenesisandinabnormalneovascularizationof
theretinainpathologicalconditionsafterbirth.VEGFlevels
areelevatedwhentheretinaishypoxic,andVEGFmRNA
hasbeenexpressedintheavascularzoneofthehumaninfant
eyewiththresholdROP
[18,34].IGF-1isanotherimportant
growthfactor,levelsofwhichcorrelateverywellwiththe
birthweightandgestationalage
[7,8,19,33,35].Itisalsoakey
factorinnormalvesseldevelopment,andregulatesretinal
neovascularizationbycontrollingtheactivationofVEGF
regardlessofoxygenation.WhenIGF-1islow,vesselsdo
notgrow.FetalIGF-1,levelsofwhichriseinthesecondand
thirdtrimester,issecretedbyfetaltissues;thefetalliverand
placenta.Itisdependentonnutrientsupplyandcontrolledby
unknownmechanismsatthematernal-fetalinterface.Oxygen-
independentIGF-1andoxygen-dependentVEGF are
synergistic.AlowserumIGF-1maypredictROPbutIGF-1
isexpressedbymanytissuesandalowserumleveltherefore
couldbeageneralmarkerofasickbabyatriskofROP
ratherthanaspecificmarkerforaretinaldisease
[31,35].All
theseexplanationsdescribewhyhyperoxiaisimportantinthe
initialphaseandhowvascularshutdownistheconsequence
ofoxygen-inducedVEGFdownregulation
[24,32,33,35-37].
Therearesomeotherangiogeniccytokinesthathave
differentrolesforretinalvasculardevelopment
[24-28,32-35,38].
PlanningtreatmentstrategiesofROPaccordingtothe
cytokinesthathavedifferentrolesandregulatoryeffectsin
bothphasesofROPmayinfluencepathologic
neovascularizationinROP.Furthermore,thereisasuggested
geneticpredispositiontoROP
[39-43],andprogressionofROP
tothresholdROPortheriskforproliferativeROPinvery
lowbirthweightinfantsmaybeinfluencedbygenetic
polymorphismsinVEGFproduction
[42,43].Geneticchangesin
thewingless/int1(Wnt)receptorsignalingpathwayduring
retinaldevelopmentareconsideredasprobableriskfactors
foradvancedROP
[40,41].Inthefuture,blockingtheeffectsof
thesegenes(NDP,LRP5,FZD4,andTSPAN12)mayhave
aninfluenceonthedevelopmentofROP.
TREATMENTOFROP
AblativeTherapy ThechoiceoftreatmentforROPhas
shiftedfromcryotherapytodiodelaserphotocoagulation
afterclinicalstudiesshowingthesuperiorityoflasertherapy
tocryotherapy
[44,45].Lasertherapycanbeappliedboth
transpupillaryortrans-sclerally.Indicationsoflasertherapy
forROPhavebeendescribed
[1,46].Overtime,thetimingof
229treatmenthasmovedtoanearlierstageofthedisease,as
documentedbytheEarlyTreatmentforRetinopathyof
Prematurity(ETROP)study
[46].Althoughablationofthe
peripheralretinawithlaserreducedtheprogressionand
incidenceofthediseaseintheETROPstudy,patientsstill
hadpoorvisualoutcomesaftertreatment,especiallyforzone
IROP.Despitetheadvances,progressiontoretinal
detachmentoccurredin12%ofeyesintheETROPstudy
withadequateperipheralablation.Thismayberelatedwith
eithertheindividualskillsofthesurgeonwhoapplieslaser
treatment,orvitrealVEGFlevelswhichcannotbereduced
byretinallaserphotocoagulation.AlthoughVEGFismainly
secretedintheavascularretina,vitrealmacrophagesasa
secondsourceofVEGFmayberesponsibleforthelackof
theeffectivenessoflasertherapyforROP
[47].
Additionally,lasertherapyhassomedisadvantagesincluding
cornealedema,anteriorchamberreaction, intraocular
hemorrhage,cataractformation,intraocular pressure
changes.Significantdecreaseinperipheralvisiondueto
ablationofperipheralretina,strabismus,glaucoma,severe
myopiaandretinaldetachmentaresomeofthelong-term
sideeffectsprobablyrelatedtodiseaseseverityratherthan
lasertherapyitself.However,theonlyevidence-based
therapyforROPisstilllaserphotocoagulation,dependingon
theseverity,incombinationwithvitreoretinalsurgery.
FutureTherapeuticStrategies Althoughlaserphotoco-
agulationofavascularretinaremainscurrentlyasthegold
standardandwellestablishedtherapyforROP,thereare
somenewtreatmentmodalitiesforROP,whicharebeing
evaluatedin ongoingorplannedstudies.New
pharmocologicaltreatmentconceptssuchasanti-VEGF
agents
[48-53],systemicpropranolol
[54,55],genetherapy
[56,57],
supplementationwithomega-3fattyacidsorIGF-1
[58-60] also
representinterestingpharmacologicalapproachestothe
managementofROP.
Antivascular Endothelial Growth Factor Therapy
VEGFisapotentmitogenforvascularendothelialcellsand
necessaryforthephysiologicalangiogenesisanditis
regulatedbytissuehypoxia
[6,17,19,32,33].Italsopromotes
pathologicangiogenesis.BlockingtheactionofVEGFmight
beexpectedtoreducethevascularactivityassociatedwith
ROP
[17,19,61-63].CurrenttreatmentforROPisretinalablation
eitherwithcryoorlaserphotocoagulationthatindirectly
reducesVEGFlevelsbycompletelyablatingtheperipheral
avascularretinathatproducestheVEGF
[18,34,61].Incontrast,
anti-VEGFdrugsofferthemajoradvantageoflimitingtissue
destructionbydecreasingVEGFlevelsbothintheretina
and vitreous
[47,62,63].Availabledrugsincludepegaptanib
sodium (Macugen
®)forpartialblockageofVEGF-Aor
drugssuchasranibizumab(Lucentis
® ),bevacizumab
(Avastin
® )andaflibercept(Eylea
® )forpan-VEGF-A
blockage.Threeanti-VEGFdrugs(pegaptanibsodium,
ranibizumabandaflibercept)areapprovedbytheUSFood
andDrugAdministration(FDA)forintraocularuseinthe
treatmentofsomeocularneovasculardiseasesinadults.In
contrast,bevacizumabisapprovedbytheFDAforonly
intravenoususeinthetreatmentofcolorectal,breast,lung
andrenalcellcancers.
Pegaptanibsodiumwasthefirstanti-VEGFdruglicensedfor
thetreatmentofagerelatedmaculardegeneration.Itmaybe
asaferoptionwithrespecttonormaldevelopmentin
prematurenewbornsasitisaselectiveVEGF-165inhibitor
withoutblockingallVEGFisoforms.Thereareafewreports
describingtheuseofintravitrealpegaptanibinthe
managementofROPandAutrata
[64] recentlyreported
promisingresultswiththeadministrationofintravitreal
pegaptanibinthemanagementofstage3+ROPwithoutany
systemicorocularcomplicationsduring19.3months.
Ranibizumabhasashorterserumhalf-lifethanbevacizumab
whichmaytheoreticallyreducetheriskofsystemic
complicationsinprematureinfants
[65,66].Aflibercept,afusion
proteinthatinhibitsallisoformsofVEGF-A,hashigh
bindingaffinityandlongerintraocularhalf-lifewhichmay
resultinalongerdurationofclinicalactionintraocularly
thaneitherranibizumaborbevacizumab
[66,67].However,no
randomizedclinicaltialsregardingtheeffectsofintravitreal
ranibizumabandafliberceptinjectionsyetexist.Eventhough
bevacizumabisassociatedwithanincreasedriskof
hemorrhagicandthromboemboliceventsinadultswith
intravenoustherapy
[66,68],clinicalexperienceswith
intravitrealbevacizumabhaveshownthatthisagentiswell
toleratedandwidelyoff-labelusedinthetreatmentof
intraocularneovascularizations
[48-53,69].Lowerdosesof
bevacizumabareusedforthetreatmentofocularconditions,
however,useofanti-VEGFtherapyinprematurenewborns
isstillcontroversialregardingsafety
[66,70,71].
Bevacizumab,ahumanizedrecombinantantibody,bindsall
isoformsofVEGF-A
[62,63,72,73].Thiscouldpotentiallybe
disadvantageousbecausephysiologicvasculardevelopment
couldbesuppressed.However,itslargemolecularweight
andbeingafullantibodycombinedwithitshalf-lifeandthe
thickpretermvitreousallowalongerperiodofeffectiveness.
Penetrationofbevacizumabthroughthemonkeyretinaafter
theintravitrealinjectionhasbeenreported
[74],andSato
[75]
haverecentlyreportedhighserumbevacizumab
concentrationsafterintravitrealbevacizumabinjectionin
infantswithROP.However,itslowcostandpromising
resultshaveledtoawidespreadoff-labeluseof
bevacizumabinthetreatmentofROPinthelastdecade.
Whileablativetherapyrequirestraining,specialequipment
andfacilities,thedrugisinexpensiveandcan be
administeredatthebedside,ifnecessary,byan
ophthalmologisttrainedforthetreatmentofROP
[53,72,73].But,
bevacizumabisacancerdrugforintravenoususeandhas
neitherbeenapprovedforuseineyesnorininfantsyet.
Bevacizumabandtheotheranti-VEGFdrugshavealready
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beeninuseforsomeocularneovasculardiseasesinadults.
Sofar,therehavebeenvariouscasereportsorsmallcase
seriesofbevacizumabuseinROP
[48-53].Currently,thereare
twoongoingandplannedstudieswhichareevaluating
efficacyofbevacizumabbycomparingwithstandardlaser
therapy:Pan-VEGFBlockadefortheTreatmentofROP
(BLOCK-ROP)study(clinicaltrials.govIdentifier:
NCT01232777;unfundedandnotyetopenforparticipant
recruiment)andBevacizumabEliminatestheAngiogenic
ThreatofROP(BEAT-ROP)study(clinicaltrials.gov
Identifier:NCT00622726).Recently,Mintz-Hittner
[53]
(BEAT-ROPgroup)havereportedonthestudyinvestigating
theefficacyofintravitrealbevacizumabforstage3+ROPin
zoneI.Thestudyconsistedofaprospective,controlled,
randomized,multicentertrialtoassessintravitrealinjection
ofbevacizumabforzoneIorzoneIIposteriorstage3+( ,
stage3withplusdisease)ROP.Infantswererandomly
assignedtoreceiveintravitrealbevacizumab(0.625mg)or
conventionallasertherapy,bilaterally.Theprimaryocular
outcomewasrecurrenceofROPinoneeyeorbotheyes
requiringretreatmentbefore54weeks'gestationalage.The
resultsshowedastrongbenefitfromintravitrealinjectionof
bevacizumabascomparedwithconventionallasertherapyin
infantswithstage3+ROP.Bevacizumabinjectionhada
recurrencerateof6%incombinedretinalzonesIandII
comparedwitha26%recurrencerateinlasertreatment.The
rateofrecurrencewithzoneIdiseasealonewassignificantly
higherwithconventionallasertherapythanthatwith
intravitrealbevacizumab(42% 6%).However,therateof
recurrencewithzoneIIposteriordiseasealonedidnotdiffer
significantlybetweenthelaser-therapygroupandthe
bevacizumabgroup(12% 5%).So,asignificanttreatment
effectwasreportedforzoneIROP(=0.003)butnotfor
zoneIIdisease(=0.27).Theauthorsalsoreported6cases
ofROPwithrecurrenceafterintravitrealbevacizumab
monotherapy.Thesefindingssuggesttheimportanceof
carefulfollow-upandchoiceofcombinedtreatment
(laser+intravitrealbevacizumab).Therearevariousreports
usingbevacizumabforROPsimultaneouslywithlaser
therapyorseparately,butthesereportsdonotinclude
evidence-baseddata
[48-53].Correctinjectiontimingofthe
bevacizumabisimportant.Trese
[76] reportedthatduetothe
interactionofananti-VEGFdrugandretinalvascular
development,thetimingofanti-VEGFtherapyshouldbe
laterthan30weeksofpostconceptionalage.Therearesome
othercytokinesthathavevariousrolesforretinal
development
[25-28,31,38,77,78].Transforminggrowthfactor-beta
(TGF-茁),anaturalantagonistofVEGF,whichplaysan
importantroleinwoundhealingandscarring,risesin
concentrationduringretinaldevelopment,between36and40
weeksofpostmenstrualage
[76-80].TGF-茁 becomesunopposed
whenVEGFisblockedthroughtreatmentandthismayend
upexacerbatingproliferativetissuesandcausetractional
changes
[76].Ifanti-VEGFdrugsaregivenlateinthecourse
orincaseswithretinaldetachment,increasedconcentrations
ofTGF-茁 maycontributetoatractionalretinaldetachment.
Theuseofanti-VEGFtherapyinstages4or5may
accelerateretinaldetachmentduetoarapidneovascular
involutionwithacceleratedfibrosisandcontractionof
fibrousmembranesinresponsetodecreasedlevelsofVEGF.
BevacizumabseemstobeusefulinROPstage3caseswith
especiallyrigidpupilsduetoirisneovascularization,with
intravitrealhemorrhageorzoneIdisease
[80,81].Theuseof
anti-VEGFtherapyseemsasanefficacioustreatmentfor
severeROP,butcorrectinjectiontimingofthebevacizumab
mightbeanimportantlimitationforitsuse.
Anotherimportantconsiderationintheuseofbevacizumab
forROPisthepotentialriskoflocalandsystemic
complications.Serioussystemiccomplicationsmayoccur
whenbevacizumabisadministeredintravenouslywithhigh
doses
[68,71,82].Bevacizumabisoriginallyananticancerdrug
forintravenoususe;ithasnoregulatoryapprovalforusein
eyesorininfants.Howeveroff-labeluseofintravitreal
bevacizumabforROPincreasesdespitethelackofstudies
onsafetyanddosageingrowingbabies.Systemicabsorption
hasbeenconsiderednegligibleinadults;however,serum
levelsfollowingintravitrealbevacizumabinjectionhavenot
yetbeendeterminedinprematureinfants.Intravitreal
bevacizumabentersthegeneralcirculation,suppresses
plasmaVEGFlevelsandremainsinthebloodformorethan
8weeksinprimates
[75,83].Thereisnostudyreportingserious
localandsystemiccomplicationsofintravitrealbevacizumab
injection
[48-53,63,69,73].However,therearevariousreports
describingtheroleofVEGFinthenormaldevelopmentof
humankidney,brainandlung
[83-86].Recently,Sato
[75]
reportedthatbevacizumabcanescapefromthevitreousinto
thesystemiccirculationand reducestheVEGF
concentrationsininfantswithROPfollowingintravitreal
bevacizumabinjectiontoeitheroneorbotheyes.Allofthe
11infantsinthatstudyreceivedlaserphotocoagulationtothe
peripheralavascularretinabeforebevacizumabinjection,and
serumbevacizumableveloneweekaftertheinjectionwas
significantlyhigherthanthatbeforetheintravitrealinjection.
So,possible adverseeffects onVEGFdependent
developmentshould beconsidered.However,the
BEAT-ROPstudydidnotmakeanycommentaboutthe
safetyofthedrugasthesamplesizeofthetrialwastoo
smalltoassessthesafetyofthedrug
[53].Infantsofthe
BEAT-ROPstudyrandomlyreceivedeitherintravitreal
bevacizumabinjectionorconventionallasertherapy,
bilaterally.Studydesignsanddosageofintravitreal
bevacizumabinjectionsarenotsimilarinthesestudies
[53,75].
AfterpublicationoftheBEAT-ROPstudy,somereviews,
editorialsandcommentariesraisedquestionsaboutthe
efficacyandsafetyofbevacizumab
[83,87,88].Thus,efficacyand
safetyofbevacizumabarestillimportantissuestobesolved,
231andshouldbevalidatedbyevidence-baseddata.
Mostrecently,theAmericanAcademyofPediatrics(AAP),
theAmericanAcademyofOphthalmology(AAO),the
AmericanAssociationforPediatricOphthalmologyand
Strabismus(AAPOS)andtheAmericanAssociationof
CertifiedOrthoptists(AACO)revisedthepreviousstatement
forscreeningofprematureneonatesforROPwhichwas
publishedin2006andadvisedtoconsiderintravitreal
injectionofbevacizumabforthetreatmentofinfantswith
zoneI,stage3+ROPeventhoughbevacizumabisnot
currentlyapprovedbytheUSFDAforthetreatmentofROP
[89].
Alsotheystrictlyadvisetousebevacizumabonlyafter
obtainingadetailedinformedconsent,andlong-term
follow-upforthepotentialproblemsofthedrug.
Asaconclusion,furthercontrolledstudieswithlong-term
follow-upandadequatesamplesizeareneededforsuch
potentiallydangerousgrowthfactorinhibitors,anti-VEGF
agents,whichmaybeconsideredas"amiraclerescue"for
thetreatmentofROPinimmatureinfants.
Propranolol Propranololhasbeenusedforthetreatmentof
infantilehemangiomas,andtheeffectofthepropranololwas
hypothesizedtobethereductionofVEGFlevelsdepending
onsystemicpropranololapplication
[54].Thereareafew
reportsdescribingtheeffectofthis 茁-adrenergicreceptor
blockerinregulationofretinalangiogenesis.Recently,
systemicadministrationofpropranololhasbeenreportedto
reduceretinalVEGFandIGF-1expression,retinal
neovascularization,andvascularleakageinamousemodel
ofoxygen-inducedretinopathy
[90].Apilotstudy,theSafety
andEfficacyofPropranololinNewbornswithROP
(PROP-ROP)
[54],wasplannedtocomparesafetyandefficacy
ofpropranololwithconventionallasertreatmentalonefor
stage2ROPinzoneIIorIIIwithoutplusdiseasein
prematureinfants.ThestudygrouphypothesizedthatVEGF
overexpressioninROPmightbeinducedby
beta2-adrenoreceptorstimulation,andpropranololasa
non-selectivebeta-adrenoreceptorblockeradministeredin
pretermnewbornscouldreducetheprogressionofROP.
However,thisstudywashaltedbecauseofincreased
mortalityinthetreatmentarm.Althoughtheuseof
prophylacticpropranololforoxygen-inducedretinopathyin
micemodelreportedpromisingresults,Chen
[91] recently
reportedthatpropranololtreatmentwithadoseupto30
timesthestandardhumandosefailedtosuppressretinopathy
developmentinmice.Thisrecentfindingraisedthequestion
abouttheeffectofpropranololasanappropriatetherapeutic
approachfortreatingROP.Propranololhasalsoseriousside
effectssuchasbradycardia,heartblock, hypotension,
bronchospasm,hypoglycemiaanddyslipidemia
[92,93].The
efficacyofthisdrugmaybequitedisappointingina
vulnerablepreterminfant.Therelevanceofalltheseresults,
benefitsandsafetyofpropranololtothedevelopingpreterm
infantisuncertain,andfurtheranimalandprospective
clinicalTrialsshouldbeconducted.
Gene therapy Targetingandregulationofvarious
cytokinesandgrowthfactorsknowntobeinvolvedinthe
pathogenesisofROPbygenetherapyseemstobearealistic
goalfordevelopingnewerandbetterROPtreatments.Inan
excitingpublicationbyChowers
[56],itwasdemonstrated
thatintravitrealgenetransferwaspossibleinaratmodelof
ROP.Localgenetransfer,thatis,theintraoculardeliveryof
recombinantvirusescarryinggenesencodingangiostatic
proteinsandsmallinterferingRNAagainstvariouscytokines
andtheirreceptors,offersthepossibilityoftargeted,
sustained,andregulateddeliveryofangiostaticproteinsand
otherangiogenicregulatorstotheretina
[56,57].Althoughgene
therapyhasbeenreportedtoshowgoodresultsinanimal
studies,thesafetyofgeneapplicationtherapyandits
possibleeffectstoadevelopingpreterminfantareuncertain
andhaveyettobefullyevaluated.
SupplementalTherapies
Omega-3polyunsaturatedfattyacids (PUFAs) Ina
ROPmousestudy,itwasfoundthatanincreasedretinal
omega-3andomega-6PUFAratiohad50%protectiveeffect
against pathologicneovascularizationdueto increased
regrowthofvesselsaftervesselloss
[94].Thesameprotective
effectagainstretinalneovascularizationorphaseII
retinopathywasseenwithtreatmentofmousemodelof
oxygen-inducedretinopathybysupplementingomega-3
PUFAintake
[58].Theirprotectiveactionagainstretinal
neovascularizationwasreportedtobecorrelatedwiththe
suppressionoftumornecrosisfactor-alpha(TNF-琢)
[59].This
inflammatorycytokinewasfoundinasubsetofmicroglia
thatwascloselyassociatedwithretinalvessels.These
findingsindicatethatincreasingthesourcesofomega-3-fatty
acidscouldhelpprotectagainstpathologicalangiogenesisby
reductionofTNF-琢
[58,59].
Omega-3and6PUFAsaretransferredfrommothertothe
fetusduringthe3rdtrimesterofpregnancy.LikeIGF-1,
omega-3andomega-6PUFAsarenon-oxygen-regulated
angiogenicfactors
[58,59,95].Theirplacentaltransferismissed
bytheprematurelyborninfant.Theselipidsareessential
fattyacidsandmustbeobtainedthroughdietortotal
parenteralnutrition(TPN)inprematures.TPN,giventovery
prematureinfants,doesnotprovidesufficientomega-3fatty
acidsexceptforsomeproductssuchasOmegaven
® and
Smoflipids
® containingfishderivedomega-3.Supplementing
omega-3-PUFAintakemaybeofbenefitinpreventingROP
andthismaybeaninterestingpharmacologicalapproach.
However,largercontrolledtrialsarerequiredtovalidatethe
benefitsand safetyofomega-3-PUFAsupplementation
therapyinprematures.
Erythropoetin Althougherythropoetin(Epo)hasbeen
reportedasanoxygen-regulatedretinalangiogenicgrowth
factorlikeVEGFinanimalstudies,theroleofEpoin
normalvasculardevelopmentandangiogenesisislargely
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unknown
[96,97].Recently,Sato
[98]reportedthatEpolevels
weresignificantlyelevatedinthevitreousofinfantswith
stage4ROP,suggestingEpoasacontributortoROPin
additiontoVEGF.RecombinantEpo(rhEPO)wasusedto
treatanemiainprematureinfants.Therearevariousstudies
suggestingasignificantassociationbetweenadministration
ofrhEPOandROPinprematureinfants,however,theyare
notspecificallydesignedclinicaltrials.Suk
[99]compared
retrospectivelycohortsofnewborninfantsadmittedtotheir
unitintwodifferentperiodsandfoundthattheincidenceof
ROP(anystage)andthresholdROPintheinfantstreated
withrhEpowassignificantlyhigherthanthatinuntreated
infants(58%and26.6% 42.9%and13.4%,respectively;
=0.014and =0.009).Additionally,therearecontroversial
resultsabouttherelationshipbetweenrhEPOtreatmentsand
theincidenceandseverityofROPinprematureinfants
[100,101].
So,furthercontrolledstudiesshouldbedesignedtovalidate
theefficacyandsafetyoftheadministrationofEPOin
prematures,andtoelucidatethecausalrelationshipbetween
rhEPOandROP.
IGF-1 Fetaldevelopmentduringpregnancyisalso
dependentontheIGFs(IGF-1and-2)
[102].IGF-1hasbeen
reportedasacriticalnon-oxygen-regulatedretinalangiogenic
growthfactorfornormalretinalvasculardevelopment
throughregulationofVEGFsignaling.IGF-1levelsrise
significantlyinthe3
rd trimesterofpregnancy,butfallafter
pretermbirthsinceitissynthesizedinplacentaandfetal
liverinnutrientdependentprocesses.Inpreterminfants,low
levelsofIGF-1havebeenassociatedwithimpairedgrowth
anddevelopmentofROP
[31,35].Suppressionofretinal
neovascularizationbyanIGF-1receptorantagonistwas
reportedbySmith
[102].IGF-1treatmentmayhelpnormal
retinalvasculardevelopmentandpreventabnormalvascular
proliferationinprematures
[7,19,32,33,102].Althoughthereisno
studydescribingtheresultsofIGF-1treatmentinpremature
infants,arecentstudyhasdescribedthesafetyand
pharmacokineticsoftheadministrationofrecombinantIGF-1
(rhIGF-1)withitsbindingprotein3toprematureinfants
[60].
Additionally,thereisanongoingclinicaltrial(clinicaltrials.
govidentifier:NCT01096784)toinvestigatethepreventive
effectofIGF-1forROPdevelopmentinprematureinfants.
Granulocytecolony-stimulatingfactor(GCSF) GCSF,a
biologiccytokinetoincreaseleukocytecounts,hasbeen
showntoincreaselevelsofIGF-1,whichsupportsthe
normalvasculogenesis
[103].So,GCSFmaypromote
angiogenesisinischemicretinawithoutanyknownnegative
effectonVEGF
[104-106].Inaretrospectivechartreviewofall
neonateswhoreceivedGCSF,Bhola
[104] reportedthat
needforlasertreatmentinpatientswhoreceivedGCSF
decreased,buttheobserveddifferenceswerenotstatistically
significant.However,itspotentialroleinthepreventionof
ROPhasnotbeenstudied,andthedoserequired,sideeffects
andsafetyarestillnotdocumented.
VitaminETheantioxidantsystemisfunctionallyimmature
inprematureinfants,andprematureinfantsaresusceptibleto
oxidativestressresultinginoxygen-radicaldisease,oneof
whichisROP
[107].Evenmeta-analysesofrandomizedstudies
ofvitaminEsupplementationhaveproducedconflicting
results
[108,109],vitaminEsupplementationotherthanstandard
dosesgiveninTPNinordertodecreasetheriskofROPis
notcurrentlysuggestedandevencarriesanincreasedriskof
developingsepsisandnecrotizingenterocolitisinpremature
infantswithrapidintravenousadministration
[110].
SUMMARY
TheincidenceofROPandsevereROPhasshowndiffering
rates(decreasinginsomestudiesbutincreasinginothers)
amongvariousreportsoverthelasttwodecades
[1-8].This
mayberelatedwiththeadvancesinneonatalintensivecare
byimprovingthesurvivalratesoftheveryprematureinfants
whopreviouslydidnotsurvive.Improvedsurvivalofvery
prematureinfantshasresultedinanincreasingrateofROP
requiringclosescreeningandtreatment.Preventionofthe
developmentofsevereROPisthebeststrategyavailableat
presenttoavoidvisualimpairmentandblindnesscausedby
ROP.Oxygencontrolandimprovementsinnutritionarethe
mostimportantpreventativestrategiesinavoidanceof
ROP-dependentblindness.ROPscreeningperformedbyan
experiencedophthalmologistremainsthemostimportant
pillar,ontheotherhand,inthemanagementofROP.The
currentgoldstandardfortreatmentofproliferativeROP
dependingontheseverityisstill panretinallaser
photocoagulation.Althoughitusuallyworkswell,itisnot
ideal.Variousnovelpharmacologicaltreatmentapproaches
tosuppresstheneovascularizationhavenotbeensufficiently
evaluatedwithevidence-baseddata.However,ongoing
studiesinvestigatingthesafetyandefficacyofantiangiogenic
therapies,especiallyanti-VEGFdrugs,inprematureinfants
seemtoprovidevaluableandencouraginginformationfor
ROPtreatmentinthenearfuture.
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